A number of pathogens, most of them intracellular, employ the glyoxylate cycle in order to ingest fatty acids as carbon sources as a way of coping with nutrient deprivation during the infection process. Isocitrate lyase, which is encoded by the pathogen's acuD gene, plays a pivotal role in the glyoxylate cycle, which has been implicated in fungal pathogenesis. In this study, the acuD gene of Penicillium marneffei was knocked down using siRNA expressed by a filamentous fungi expression system. The acuD siRNA reduced the acuD gene's mRNA and protein expression by 21.5 fold and 3.5 fold, respectively. When macrophages were infected with different transformants of P. marneffei, the knockdown of acuD expression with RNA interference was lethal to the pathogens. In addition, the secretion of tumor necrosis factor-alpha and interferon-gamma from the infected macrophages was reduced. Moreover, the RNAi-mediated silencing of acuD expression reduced the fungal burden in the nude mice infected with P. marneffei; inhibited the inflammatory response in the lungs, livers, and spleens during the chronic phase instead of the acute phase of infection; and thus prolonged survival of the infected animals. Collectively, our data indicate that the RNAi-mediated silencing of acuD expression could attenuate virulence of P. marneffei. The endogenous expression of the delivered siRNA vector could be used to evaluate the role of functional genes by continuous and stable expression of siRNA.
Introduction
The glyoxylate cycle is a bypass of the tricarboxylic acid cycle that incorporates carbon into cellular macromolecules by isocitrate lyase. Isocitrate lyase is one of the key enzymes in the glyoxylate cycle, which initially hydrolyses isocitrate (C6) to succinate (C4) and glyoxylate (C2), has been implicated in pathogenesis. A number of pathogens, most of them are intracellular, use the glyoxylate cycle. In Candida albicans [1, 2] , the gene encoding isocitrate lyase is upregulated during phygocytosis, which is essential for pathogenesis.
In Paracoccidioides braziliensis, a screen for phase-specific expressed-sequence tag analysis identified a differential expression during the transition from yeast to mycelium [3] . Also, it has been shown that plant pathogens require this bypass for pathogenesis [4, 5] . In bacteria, isocitrate lyase activity is required for virulence of the intracellular pathogen Rhodococcus equi [6] . In Mycobacterium tuberculosis, the glyoxylate shunt enzyme, isocitrate lyase, is essential for persistence in macrophages and mice [7] .
As a unique, thermally dimorphic penicillium species, Penicillium marneffei is an intracellular pathogen that causes disseminated, progressive, and life-threatening infections in immunocompromised patients, especially those suffering from AIDS [8] [9] [10] . At 25
• C, P. marneffei grows multicellular hyphae that resemble those of other penicillium species. This is done with yeast-like arthroconidia at 37
• C, which constitute the pathogenic phase, producing a multitude of yeast cells [11, 12] . During infection, P. marneffei conidia transform to yeast-like cells in macrophages, which are considered to be a nutrient-poor environment [13, 14] . In order to maintain the survival and propagation of yeast-like cells in this nutrient-deprived environment, P. marneffei is likely to respond to phagocytosis by inducing an alternate carbon metabolism. The glyoxylate cycle was shown to be involved in response to the process of carbon source alteration [15] . Our previous studies showed that the acuD gene encodes isocitrate lyase, which is a key enzyme in this bypass, and is highly expressed in yeast-like cells in a systematic screening of differentially expressed proteins between yeast and mycelial phases, and also in an infection model with macrophages during the infection process [16, 17] . Using northern blotting analysis, Canovas et al. and Thirach et al. [11, 15] observed similar results. They noted that the P. marneffei acuD gene is regulated by both carbon source and temperature. The acuD gene was strongly induced when the fungus was incubated at 37
• C on acetate carbon sources in vitro. The researchers proved that the acuD gene had greater expression in conidia and yeast than in mycelia cells as early as 2 h after coincubation with murine macrophages. Also, it was shown that the differential expression could be observed at 8 h after infection with conidia of P. marneffei [15] . However, the potential role of acuD gene in the pathogenesis of P. marneffei is not fully understood. An understanding of the exact role of acuD gene in the pathogenesis of P. marneffei may facilitate a way of controlling penicilliosis marneffei, which is the result of the absence of acuD orthologs in mammals. In order to study the functions of the P. marneffei acuD gene, RNA silencing was used in our study. RNA silencing has been described as posttranscriptional gene silencing or cosuppression in plants [18, 19] , RNA interference (RNAi) in animals [20] , and quelling and meiotic silencing by unpaired DNA (MSUD) in fungi [21, 22] .
Two pathways of RNA silencing have been described. The RNA silencing pathway known in higher eukaryotes is the miRNA pathway. Another is the RNAi pathway in which silencing is initiated by double-stranded RNA (dsRNA) derived from various exogenous or endogenous sources. Since the first report of RNAi in Neurospora crassa [21] , it has been shown that hpRNA-expressing constructs could induce more efficient and stable silencing. A hairpin RNA structure that contains a long homologous sequence of the target gene was considered to be essential for triggering RNAi in fungi [23, 24] . However, Khatri and Rajam reported that direct delivery of exogenous siRNA/dsRNA into fungal cells also triggered the knocking down of target genes in Aspergillus nidulans [25] , while the endogenous expression of the delivered siRNA vector that could be used for continuous and stable siRNA expression has not been examined in fungi. Therefore, efficient delivery and expression of siRNA in fungi has become an important focus of investigation.
In this study, our aim was to evaluate the role of exogenous siRNA in silencing the acuD gene of P. marneffei both in vitro and in vivo. This was done using a filamentous fungi expression system and demonstrates the role of acuD gene for the pathogenesis of P. marneffei.
Material and methods

Ethical standards
The P. marneffei strain SUMS0152 (IFM52703) was isolated from the blood of a two-year-old boy diagnosed with penicilliosis marneffei. The child's parents provided written informed consent. The Sun Yat-Sen University Medical Ethics Committee approved the procedures. All animals were handled in strict accordance with good animal practice, as defined by the relevant national and/or local animal welfare bodies. Procedures involving vertebrate animals were reviewed and approved by Sun Yat-Sen University's Animal Care and Use Committee. The permit number for the animal ethics is 02008012.
Strains and culture condition SUMS0152 (IFM52703) from our previously study [16, 26] was used in this experiment. All P. marneffei transformants were first grown in Sabouraud dextrose agar (SDA) fluid medium containing 200 mg/ml hygromycin for 24 h at 26
• C in order to select the resistant phenotype. The culture and transition of P. marneffei between mycelial and yeast phases were carried out as described previously [16, 26] . Escherichia coli JM109 was used to propagate plasmid DNA, which was grown in Luria-Bertani (LB) medium with 100 µg/ml ampicillin in order to select the positive transformants.
Construction of RNAi plasmids and transformation
Silencing vectors with different target sequences were constructed using pSilent-1 as the backbone [27] . The green fluorescent protein (GFP) gene was amplified from peGFP plasmid (provided by Erwei Song, Sun Yat-sen University) with primer pGFPF and pGFPR and cloned into the pSilent-1 to obtain the pgfp vector. The siRNA specific for the GFP gene was designed and synthesized directly and subcloned into pSilent-1 in order to obtain the gfpRNAi vector. Six siRNA targeting acuD (accession number XM_002147504.1) were designed using Ambion online software, synthesized, and subcloned into pSilent-1 to get the functional silencing vectors acuD-RNAi1-6. In order to construct the RNAi vector contained in a long coding sequence of acuD gene, the primer pairs SXHF-SXHR and ASSKF-ASSKR (Table 1) were designed to amplify an approximately 750-bp fragment of acuD coding sequence and subcloned into pEGM-T easy vector (Promega, Madison, WI, USA) to obtain pT-XH and pT-SK. After sequencing identification using primer M13F and M13R, pT-XH and pT-SK were digested and subcloned into pSilent-1 to obtain the acuD-RNAq vector. This transformation procedure was performed as described by Chakraborty and Kapoor [28] . Three-day-old yeast cells were collected, washed three times, and suspended in ice-cold sorbitol (1 M) to a final concentration of 10 6 cfu/ml. A 65-µl suspension was added to cuvettes and mixed with 5 µl serial plasmid and electroporated under 1.5 kV, 50 µF, 200 , and 5 ms pulse in prechilled 0.2-cm electrode gap cuvettes (Bio-Rad, Hercules, CA, USA). The transformation mixture was inoculated into 24-well culture plates containing 2 ml SDA liquid medium with 200 µg/ml hygromycin and incubated at 25
• C for 24 h. Positive transformants were selected and inoculated on SDA plates containing 200 µg/ml hygromycin for further selection. After 3 days culture at 37
• C, the genome DNA of transformants was extracted using InstaGeneTM Matrix (BioRad) according to the manufacturer's instruction. A specific primer pair (pSID; Table 1 ) that targets multiple clone sites (MCS) of pSilent-1 was used to identify candidate clones by polymerase chain reaction (PCR) amplification and sequencing.
GFP florescence detection and phenotype assay of transformants
The determination of GFP florescence in vitro was performed using a Nikon Eclipse E600 fluorescence microscope (Nikon, Tokyo, Japan). The determination of GFP expression in the coculture with macrophage was performed by fixing yeasts and macrophage after treatment with 4%
formaldehyde in phosphate-buffered solution (PBS) for 30 min. Finally, calcofluor white2R was added to visualize the conidia of P. marneffei. P. marneffei tranformants were grown on yeast synthetic medium (yeast nitrogen base [YNB] ) containing the appropriate carbon sources and SDA with glucose (2%) as control. Solid YNB with acetate (50 mM) and Tween 80 (0.2%) were used to test the ability of transformants to assimilate carbon sources; the cultures were then incubated at 26
• C for 14 days. Photographs were taken using a Nikon digital camera. For the fixed volume spot assay, 100 µl of each yeast suspension (10 7 cfu/ml) were cultured on the same medium for 3 days; colony spot was performed for further analysis.
Real-time RT-PCR and enzyme activity assay
Total RNA of fungi was extracted as previous described [26] . Then 500 ng of precipitated RNA was used in cDNA synthesis using a PrimeScript RT reagent Kit (TaKaRa, Japan). Primer pairs acuDF-acuDR and pckAF-pckAR were used to detect acuD and pck (accession number XM_713578.1) mRNAs, respectively ( Table 1 ). The specificity of each reaction was confirmed by agarose gel electrophoresis and melting curve analysis. Results from the analysis were as described previously [26] . Total protein extraction and purification were carried out as described previously [16] . Activities of isocitrate lyase were determined and calculated using the method described by Brock et al [29] . In brief, the final 3-ml volume of each assay contained 2 mM threo-D,L-isocitrate (Sigma, St. Louis, MO, USA), 2mM magnesium chloride, 10 mM phenylhydrazine hydrogen chloride, 2 mM dithiothreitol, and 50 mM potassium phosphate at pH 7.0. The formation of glyoxylate-phenylhydrazone was measure at 324 nm using an extinction coefficient of 16.8 mM/cm. The Km value for isocitrate was determined by varying the concentration of isocitrate in the assay, while all other components were kept constant.
Mouse macrophage infections
Male and female C57BL/6 mice (provided by the experiment animal center of Sun Yat-Sen University, Guangzhou) weighing 10-15 g were injected with 1 ml of thioglycollate broth by peritoneal route one time over a 3-day period. Peritoneal fluids were flushed out with PBS and centrifuged at 1000 rpm. Macrophages were counted and incubated in six-well (2 × 10 5 cells/well) plates with Dulbecco's modified Eagle's medium (DMEM) at 37
• C for 1 h before infection. The macrophage monolayer was infected with P. marneffei yeasts (multiplicity of infection [MOI], 4:1) in DMEM at 37
• C in 95% air and 5% carbon dioxide. After 4 h, the monolayer was washed with ice-cold PBS eight times to remove the redundant yeasts. The colonization of P. marneffei yeasts was observed by florescence microscope after being fixed with formaldehyde (4%) and stained with calcofluor white2R (Sigma). To determine the killing ability of the primary macrophage against P. marneffei, the remaining macrophages were lysed with ice-cold sterilize distilled water for 15 min to liberate the yeasts. The colonized yeasts were collected by centrifuge and then cultured on an SDA solid medium plate at 26
• C for 3 days to count cfu. To determine the secretion of tumor necrosis factoralpha (TNF-α) and interferon-gamma (IFN-γ ) stimulated by P. marneffei, the supernatants of cocultured medium were collected at 2, 4, 8, 12, and 24 h; 100-µl aliquots were used for enzyme-linked immunosorbent assay (ELISA; RD Company, California, USA) according to the manufacturer's instructions.
Mouse infections
Male and female BALB/c nude mice aged 5-8 weeks (purchased from Shanghai SLAC Laboratory Animal Co., Ltd) were used in this part of the experiment. Wild-type and transformants of P. marneffei were inoculated on SDA liquid medium containing 200 µg/ml hygromycin at 37
• C, 150 rpm for 3 days. Yeasts were collected and adjusted to 10 7 cfu/ml. Next, 100 µl of yeast suspension was gently agitated and injected into the lateral tail vein of each mouse. Infected mice were kept in Animal Biosafety Level 2 for 40 days. Six mice were killed every 3 days after infection. The liver, lung, and spleen were removed and homogenized every 3 days after infection. Serial dilutions of the homogenate were cultured on SDA solid medium at 26
• C for 3 days to determine the fungal burden by cfu counting. Liver, lung, and spleen tissues were fixed in phosphate-buffered formalin (10%) for Hematoxylin-Eosin and Periodic Acid-Schiff stain.
Statistics
The replicate experiment was performed separately. All results were from a single experiment or the combined data from multiple experiments. The error bars indicate standard deviation of the mean. Real time RT-PCR, AcuD activity determination, ELISA assay, and cfu plots were analyzed using 1-way analysis of variance, followed by the Tukey honestly significant difference post-hoc test. Kaplan-Meier plots of mouse survival were compared using log rank test (GraphPad Prism 4.0 software, La Jolla, CA, USA). P values <0.05 were considered significant.
Results
RNA interference system in P. marneffei
A plasmid-based system was developed to express dsRNA molecules in P. marneffei. Double-stranded RNA was generated by reverse transcription of the target gene and then processed to siRNA molecules in order to trigger RNAi (Fig. 1) . First, a strain of P. marneffei that expresses GFP The different expressions of the acuD and the pckA genes between acuD-RNAi, wild type, transformants containing pgfp, pSilent-1, and acuD-RNAq in transcript levels. , acuD WT vs acuD acuD -RNAq ; P < 0.001. , acuD WT vs acuD acuD -RNAi1 ; P < 0.001. , acuD WT vs acuD acuD -RNAi2 ; P < 0.001. * , pck WT vs pck acuD -RNAq ; P < 0.001. * * , pck WT vs pck acuD -RNAi1 ; P < 0.001. * * * , pck WT vs pck acuD -RNAi2 ; P < 0.001). (c) The isocitrate lyase activity between acuD-RNAi, wild type, transformants containing pgfp, pSilent-1, and acuD-RNAq. , wild type vs acuD-RNAq; P < 0.001.
, wild type vs acuD-RNAi1; P < 0.001. , wild type vs acuD-RNAi2; P < 0.001). This Figure is reproduced in color in the online version of Medical Mycology.
was constructed and used as the reporter strain. The GFP gene was amplified from peGFP plasmid with primer pGFPF and pGFPR and then subcloned into the pEGM-T easy vector after purification. After sequencing identification, the GFP gene was cloned into the pSilent-1 to get the pgfp vector. The RNAi in P. marneffei was initially tested by targeting GFP, which is a nonlethal and quantifiable indicator for gene silencing. The siRNA specific for the GFP gene was designed and synthesized directly. Four to six transformants of pGFP with gfp-RNAi vectors were examined and showed a reduced GFP fluorescence compared with GFP reporter strain in hyphae (Fig. 2a) . No difference was observed among the selected transformants in the phenotype (Fig. S1 ). Six siRNA vectors targeted to acuD and an hpRNA interference vector, which contained a 750-bp sense and antisense hairpin fragment of the acuD gene, were constructed. The latter vector was used as a positive control to evaluate the RNAi effect triggered by siRNA (Fig. 1) . More than six clones were randomly selected to evaluate the effects of RNAi within each vector transformant. Two of the six siRNA vectors caused an approximate 21.5-fold reduction in acuD expression and a 3.5-fold reduction in isocitrate lyase activity compared with the wild-type and acuD-RNAq (Fig. 2b, c) .
To determine whether the phenotypes observed were due to knockdown of the target gene, three randomly selected clones were evaluated using RT-PCR. All showed downregulation of the acuD gene (Fig. S2) . Moreover, we also checked expression of pckA (the key enzyme of glyconeogenesis), which facilitates the assimilation of two-carbon compounds in concert with the glyoxylate cycle, a 25-fold reduction in pckA was detected by real-time RT-PCR (Fig. 2b) . The transformants with acuD-RNAi vectors grew slowly on the acetate, Tween80, and YNB media (carbon free) compared with the wild type of P. marneffei, either at 26
• C for 14 days (Fig. 3a) or at 37
• C for 3 days by fixed volume spot assay (Fig. 3b) . No difference was observed on glucose medium (Fig. 3) .
Knockdown of acuD attenuates survival in peritoneal macrophages of mice in vitro
The reduction of GFP expression induced by RNAi was examined using a P. marneffei and macrophage coculture system at MOI = 4:1. A vector that expresses gfp hairpin RNA strongly reduced GFP expression in P. marneffei yeast cells engulfed by macrophages, which was consistent with the observation of P. marneffei growth on SDA medium in in vitro detection (Figs 2a and 4a) . The 3.5-fold reduction in cfu was found in the group with an acuD-RNAi transformation, indicating the survival ability of the acuD-RNAi transformation in macrophages was decreased, while acuDRNAi and acuD-RNAq showed a comparable decreases (Fig. 4b) . However, secretion of TNF-α and IFN-γ by peritoneal macrophages tested by ELISA was moderately reduced in acuD-RNAi and acuD-RNAq transformants when compared with wild-type and pgfp transformants, although not at statistically significant levels (P > 0.05; Fig. 4c, d ).
Knockdown of acuD displays attenuation in virulence in vivo
Total cfu were increased in the livers in all test groups except acuD-RNAi2 during the first 3 days post infection ( Fig. 5a ; P > 0.05) and were dramatically increased in lungs and spleens in all test groups ( Fig. 5b, c ; P > 0.05), even through no infection group was borne out in livers, lungs, or spleens during the first 3 days post infection. After 3 days, the total cfu in lungs, livers, and spleens were slightly increased in the groups containing acuD-RNAi1, acuD-RNAi2, and acuD-RNAq vectors (Fig. 5a , b, c) compared with the dramatic increase in the wild-type and pgfp groups. Mice infected with P. marneffei containing the acuD-RNAi vector showed longer survival compared with the pgfp, empty vector, and wild type of P. marneffei. Knockdown of the acuD gene attenuated the virulence of P. marneffei (Fig. 5d ). Mice infected with transformants containing acuD-RNAi1, acuD-RNAi2, and acuD-RNAq vectors showed less splenomegaly compared with transformants contained in the pgfp, empty vector, and wild type of P. marneffei, which, based on wet weight and size, caused less tissue damage (Fig. 5e) . Histopathological examination showed that round masses of macrophages largely replaced the liver parenchyma (Fig. 6 ). The normal spleen structure is subverted by masses of macrophages loaded with yeast cells, and hemorrhagic necrosis and strong fungal invasion were observed in the lungs (Fig. 6 ).
Discussion
Several molecules such as superoxide dismutase, melanin, and transcription factor are believed to be associated with P. marneffei virulence, which caused about 8% of infections in AIDS patients in China and Southeast Asia during the last two decades [30] [31] [32] . However, the pathogenetic mechanisms of this fungus remain understudied. Numerous intracellular pathogens, including P. marneffei, are needed to maintain the survival and propagation in this nutrientdeprived environment. The glyoxylate bypass was used to assimilate carbon substrates that enter the central metabolic pathway at the level of acetyl-CoA. Virulence of the isocitrate lyase mutant was assessed to attenuate virulence in M. tuberculosis, C. albicans, R. equi, and plant pathogens [1] [2] [3] [4] [5] [6] [7] . Our study focused on evaluation of the role of isocitrate lyase in P. marneffei virulence using an RNA interference approach.
RNAi with exogenous RNA has been used in studies on the function of candidate genes of pathogenic and nonpathogenic fungi and in screening for virulence factors in fungal genomes [33] [34] [35] [36] . In this study, we found that the short hairpin expression vector could also trigger RNA silencing of target genes, as seen by the silencing function of the long hairpin in P. marneffei. In an initial test, the expression of a GFP reporter gene was dramatically downregulated by targeting GFP with a short hairpin expression vector in vitro. The validity of this silencing system was proven in P. marneffei macrophages. Furthermore, the The percent survival of nu-C57BL/6 mice injected with transformants of silenced acuD increased compared with wild type (10 per group) (P < 0.001). (e) There was a minor decrease of spleen wet weight and size in nu-C57BL/6 mice injected with transformants of silenced acuD within 1.5 weeks post infection compared with wild type. , wild type vs acuD-RNAq; P < 0.05. , wild type vs acuD-RNAi1; P < 0.001.
, acuD-RNAi1 or acuD-RNAi2 vs acuD-RNAq; P > 0.05.
glyoxylate cycle was downregulated due to knockdown of the acuD gene in vitro. We also found that the knockdown acuD strain of P. marneffei was unable to cope with lack of nutrients when grown on acetate, fatty acid, or carbonfree medium and that downregulation of pckA was also detected, indicating that glyconeogenesis was interrupted, as reported by Canovas et al. [11] . An acuD-deleted mutant of P. marneffei grows poorly on alternative carbon sources, although the interactions with macrophages and the virulence of this mutant were not tested. Using a macrophage-killing and animal-infection model, we examined the different levels of virulence among wildtype P. marneffei and transformants containing acuDRNAi, acuD-RNAq, pgfp, or vector alone. The tranformants with acuD-RNAi and acuD-RNAq displayed a lower survival rate in macrophages in vitro compared with the wild type. Also, tranformants with pgfp and an empty vector triggered a downward tendency in secretion of TNF-α and IFN-γ , although this was not statistically significant. A hypothesis to explain this phenomenon might be that the barrier of the glyoxylate cycle caused by knockdown of acuD gene hampers the systemic spread of P. marneffei and results in the reduction of colonization and less inflammatory response to the pathogen.
The animal infection experiment results were consistent with the above findings. The acuD-RNAi and acuD-RNAq transformants displayed fewer fungal burdens in lungs, livers, and spleens and provoked less tissue damage. In all test groups, P. marneffei was detectable in mice liver, lung, and spleen 1 day after infection. Over time, the infection spread to other organs, but there was a 10-fold consistent reduction per organ at least in mice infected with acuD-RNAi or acuD-RNAq transformants compared with the control strains 3 days post infection. At the same time, the infection caused by P. marneffei ended up in the lungs of experimental mice, and the fungal burden in the lungs appears to be higher than that in the liver and spleen. The same phenomenon was addressed in our previous study in which the lung was the predominant organ harboring P. marneffei in bamboo rats (these are environmental reservoirs) followed by spleen, liver, and kidneys [37] . However, the mechanism behind this is still unknown. It is likely that there are special domains or motifs in the lung epithelial cells that could cooperate with these pathogens interactively. Time course experiments revealed that the transformants contained pgfp, vector alone, and wild-type P. marneffei increased or sustained fungal burdens in lungs, livers, and spleens during the progression of infection within 15 days. The limited dissemination or lower fungal burdens in tissues likely depends on the isocitrate lyase activity of the glyoxylate cycle in different test groups. Alternatively, RNA silencing might block both the methylcitrate cycle and the glyoxylate cycle simultaneously, since isocitrate lyase activity is required for growth of M. tuberculosis on propionate, raising the possibility that these enzymes are bifunctional, serving both as isocitrate lyase in the glyoxylate cycle and as methylisocitrate lyase in the methylcitrate cycle [38, 39] .
However, the role of the glyoxylate cycle did not coincide in different organisms. Investigations of the glyoxylate cycle in the human pathogens C. albicans [1] and M. tuberculosis [7] and in plant pathogenic fungi Magnaporthe grisea and Leptosphaeria maculans [40, 41] suggest the important role of isocitrate lyase for pathogenesis. M. tuberculosis, C. albicans, and R. equi likely require the glyoxylate cycle for assimilation of macrophage lipids [1, 2, 6, 7] . It appears as if the fungus Magnaporthe grisea uses the glyoxylate bypass to metabolize fungal lipids for turgor generation and appressorium formation prior to infection [40] . In contrast, the glyoxylate cycle in Crytococcus neoformans [42] and Aspergillus fumigatus [43] did not affect virulence in an animal infection model, except for essential energy production during infection [44] . One possible reason is that distinct organ tropisms exist in different organisms or that siRNA cannot pose on continuous effects to the target gene due to adaption of the host cell, as described in this study. The glyoxylate cycle is a very important metabolic pathway for intracellular pathogens, and this cycle is absent in mammals. Therefore, it is possible that the key enzyme-coding gene acuD is a valuable target when developing antimicrobial drugs; elucidation of this hypothesis requires further work.
Collectively, in this study we showed that the siRNA could efficiently knock down the acuD gene and showed an equivalent effect in response to systemic silencing triggered by a long homologous sequence. Moreover, the survival of the acuD knockdown strain was attenuated in macrophages of mice, demonstrating that the acuD gene was essential for P. marneffei pathogenesis and highlighting the fact that the role of the glyoxylate cycle in microbial virulence might refocus attention on the critical importance of basic metabolic pathways in the development of disease. Elucidation of a pathogen's nutritional requirements in vivo and the mechanism by which microbes acquire these nutrients once inside a host is critical to understanding virulence and disease. With this understanding it might be possible to identify factors that can be targeted in order to block the ability of pathogens to successfully reside within host cells.
